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GROVER F. POWERS AND PAUL L. BOISVERT
Writing in the first issue of this JOURNAL, the late James D.
Trask made the following significant observation:
Off hand one would say that all the common bacterial infections show
clinical differences at certain ages. Incidence, symptoms, signs, course, and
prognosis vary. These express in part the levels of susceptibility and the
mechanisms of resistance brought into play. Each time they are reconsidered
it becomes more and more obvious that at one period one feature will be
emphasized, at another time a different aspect receives attention. Finally,
it is clear that to understand infectious disease in man one must study its
immunological basis as it occurs from the prenatal period to old age. It
may be said that wherever a specific infectious disease exhibits a peculiar fea-
ture there one may expect to find some important clue. For an understand-
ing of disease then, one must study it as it manifests itself throughout the
complete cycle of life.9
Something more than nosographical philosophy concerns the
clinician in this matter, for the pattern of behavior of an infectious
disease at the age period of his patient is a matter of practical impor-
tance in prognosis and therapy.
Of the infectious diseases tuberculosis is one upon which much
fruitful study -has been lavished and whose natural history has been
clarified. The unitary concept of the basic lesion is fundamental and
was established by Laennec (1781-1826). The historical back-
ground is given by Faber.7
On purely symptomatic grounds various kinds of consumption had been
demonstrated, as many as twenty varieties by Sauvages, fourteen by Pascal,
etc. Anatomical tubercles were known since the time of Sylvius and Mor-
ton, and the conception had gradually gained ground that tubercles possessed
a certain significance in the development of phthisis. Laennec's contem-
porary, Bayle, got so far in simplification of the problem as to describe only
six different kinds of phthisis. Laennec was, however, the first to recognize
that all these varieties were but stages in one disease, tuberculosis, and to
show how to distinguish it from similar morbid states. Moreover, he
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showed that miliary tubercles, the larger yellow tubercles and the grey and
yellow infiltration are all but different stages of the same process . . .
He conceived and described tuberculosis of the lungs as a special disease dif-
fering from all other disease processes. He also recognized that tuberculosis
in other organs and also scrofula were varieties of the same general disease.
During the years since Laennec, correlation and interpretation of
multiform clinical manifestations with pathological findings and with
various characteristics of different strains of the causative bacterium
were made and have provided a sound basis for understanding of
the natural history of tuberculosis. This embraces the reaction to first
infection-the tuberculosis of infancy and early childhood; the reac-
tion to re-infection or re-activation-the tuberculosis of adolescence
and adultlife; and thesilent or masked reaction-latenttuberculosis.
Without laboring analogies and distinctions too vigorously, we
wish tosketch againstthis background ofdata ontuberculosis our con-
cept of the natural history of infection with strains of streptococci
pathogenic for man-adisease convenientlydesignated"streptococco-
sis." Our attention to the similarities in the patterns of reaction of
patients of different ages to tuberde bacilli and to streptococci,
respectively, was focused by Dr. Trask; consideration of the subject
would have been almost certainly of interest to Willard Soper.
From a quantitative standpoint the two diseases are similar; for
although in the acute form streptococcosis may seem of relatively
short duration compared with tuberculosis, one can hazard the guess
that about as much acute illness, invalidism, and emotional and eco-
nomic distress are involved in the one infection as in the other,
especially if hemorrhagic nephritis and rheumatic fever are con-
sidered in association with hemolytic streptococcal disease.
As regards tubercle bacilli and streptococci, there are human and
animal strains of both. Persons of all ages are susceptible to infec-
tion in one form or another with tuberculosis and with streptococco-
sis; in neither diseasedoes one attack confer complete and permanent
immunity. For both diseases the portal of invasion is most frequently
therespiratorytractandcontagion is principallybysputum orpharyn-
geal, oral, and nasal discharges. Unless milk is pasteurized or steril-
ized it also may be a source of infection in both diseases; milk-borne
tuberculosis is usually bovine in origin whereas milk-borne strep-
tococcosis-the most notable clinical form of which is septic sore
throat-is usually from human sources. Neither disease is highly
contagious except in the intimacy of the home.
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However, it is of more importance to direct attention to the fact
that the numerous streptococcal diseases (pharyngitis, tonsillitis,
erysipelas, scarlet fever, etc.) are not caused, as was long held, each
by its own special organism; rather, it is now clear, any one of the
clinical forms may result from infection with any one of the strains
of the organisms pathogenic for man. Our present conception is that
these apparently diverse manifestations may be characterized in vari-
ous ways by reference to age of patient, site of localization, history
of previous infection, and, hence, stage of immunity and allergy.
In Table 1 are listed in outline form some of the accepted data
regarding the natural history of tuberculosis.
TABLE 1
OUTLINE OF THE NATURAL HISTORY OF TUBERCULOSIS
A. Childhood type
First or primary infection.
Tonsils, adenoids, bronchi, or gastro-intestinal tract may be the site of
invasion.
Lesion not always demonstrable at portal of entry but involvement of
regional lymph glands or lungs always present.
Often bears an obvious relation to contact with open tuberculosis
(domiciliary).
In children, but in recent years, in adolescents also.
Not tuberculin-sensitive until several weeks after initial infection.
Constitutional symptoms often minimal for months.
(Patients rarely observed during early period because few if any symptoms
of infection present; allergy creates symptomatology.)
Primary complex, most frequent in lungs, one part as frequently involved
as another.
Extensive involvement of regional lymph glands-the predominant patho-
logical lesion.
Proliferative process at first, exudative only after allergy is established.
Cavitation and hemorrhage relatively rare as compared with adult type.
Healing with calcification frequent.
Tendency to dissemination, as shown by frequency at this age period of
miliary and meningitic forms.
Organisms sometimes demonstrable in gastric contents.
B. ildult type
Re-infection or activation of previous infection.
Usually in adults, but at any age if previous infection has occurred.
Allergic, tuberculin-sensitive.
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Constitutional symptoms usually present.
Minimal involvement of regional lymph glands.
Exudative, circumscribed apical lesion in lung.
Pleurisy not rare.
Caseation and often cavitation and hemorrhage.
Healing by peripheral fibrosis with encapsulation.
Organisms in sputum frequently.
C. The follouing lesions may be special evidences of marked allergic tuber-
culin hypersensizteness
(Most frequent in children between infancy and adolescence-an inter-
mediate period.)
Phlyctenular conjunctivitis.
Erythema nodosum.
Plural effusion.
D. Special localizations in infants, children, and adults
(These lesions usually occur with either the primary or later pulmonary
infection-some more frequent with the one, some with the other.)
Tracheobronchial adenitis. Cervical adenitis (scrofula).
Tuberculides and lichen scrofulosorum. Peritonitis.
Meningitis. Tabes mesenterica.
Miliary tuberculosis. Genito-urinary disease.
Osteomyelitis. Lupus vulgaris.
Arthropathy. Scrofuloderma.
E. Latent tuberculosis
Tubercle bacilli usually present in calcified lesion of primary infection or
in fibrotic apical lesion of adult infection; the form of tuberculosis "unac-
companied by symptoms evident to the patient or by physical signs recog-
nized by the physician" and discoverable effectively only by the tuberculin
test and the roentgenogram.8
Briefly, in tuberculosis first infection usually takes place some-
where in the lungs; it is characterized by lesions, proliferative at
first but exudative after allergy is established, in the parenchyma
and, especially, in the regional lymph glands. The morbid process
may progress and death may occur in a relatively short time from
generalized tuberculosis ormeningitis. However, recovery generally
takes place, the healing process often leaving little or no trace of
its presence except possibly some calcified tissue. Constitutional
symptoms areusually not remarkable unless and until the disease has
progressed extensively.
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With re-infection or activation of the previous infection, a pul-
monary focus usually in the apex tends to be circumscribed there;
with progression there iscentral necrosis andperipheral fibrosis; cavi-
tation and hemorrhage are not uncommon. Regional lymph glands
are but moderately involved and there is little tendency to general
dissemination of the process. General constitutional symptoms in
greater or less degree are usually present. This is the adult type of
tuberculosis.
In Table 2 are indicated the salient features of the natural his-
tory of infection of infants, children, and adults with the hemolytic
streptococcus.1' 2, 6
TABLE 2
OUTLINE OF THE NATURAL HISTORY OF STREPTOCOCCOSIS
A. Childhood type of streptococcal fever
First or primary infection.
Site of entry is probably tonsils or adenoids, but fever and cervical lymph
nodes may give first clinical evidence.
Intimate exposure to source of infection (domiciliary).
In children usually under 3 years.
Insidious onset.
Mild or moderate rhinopharyngitis (occasionally, retropharyngeal abscess).
Persisting cervical adenitis; tendency to suppuration.
Frequent otitis media (occasionally complicated by simple temporal sub-
periosteal abscess).
Moderate lingering fever.
Subacute, indolent course lasting 4 to 8 weeks; sometimes no symptoms of
disease.
Hemorrhagic nephritis rare.
Hemolytic streptococci easily demonstrated in nose and throat cultures
except when child has been ill for several weeks; occasionally present
in blood cultures.
B. Adult type
Not the first infection.
Typical in patients over 10 years of age.
Stormy onset with sore throat and often with chill.
Intense pharyngitis, often follicular or membranous tonsillitis (occasional
peritonsillar abscess).
Occasionally suppurative otitis media with necrotizing mastoiditis.
Painful transient cervical adenitis; little tendency to suppuration.
High fever-sharp rise, short course.
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Acute illness; duration about 1 week as a rule.
Acute hemorrhagic nephritis not uncommon.
Hemolytic streptococci readily demonstrable in nose and throat cultures:
bacteremia rare.
C. Intermediate type of streptococcal fever (scarlet fever)
Infection in patients usually from 3 to 10 years of age, Dick positive, not
protected by immunity to erythrogenic toxin. The illness, aside from
those aspects associated with specific toxemia (rash and late complications)
may resemble either the childhood or adult type of streptococcal fever.
D. Lesions) often suppurative, in a variety of organs may occur wrth strep-
tococcal fever
The dominating site of disease may not be in the upper respiratory tract
but in lungs and pleura, skin (erysipelas, pyodermia, cellulitis), meninges,
peritoneum, vagina, blood; but localization at any of these sites is rarely
unassociated with streptococcal upper respiratory tract disease.
E. Latent streptococcosis
Hemolytic streptococci present in rhinopharynx in persons having little
or no evidence of ill health.
Under circumstances not wholly understood, these so-called "healthy
carriers" may become (a) ill themselves with active streptococcosis; (b)
sources of contagion to persons who may develop any of the several clinical
patterns of streptococcosis.
In streptococcosis, clinical patterns somewhat analogous to those
observed in tuberculosis are disclosed.* During the first three years
of life especially, but not exclusively, there are a large number of
children who have fever, pharyngitis, nasal discharge, persisting
cervical adenitis, catarrhal otitis media, and anemia. They are
querulous, miserable appearing, and anorexic, but their reaction to
the infection is not usually stormy. The patients are subacutely ill
from fourto eight weeks and are not their "usual selves" for a much
longer time. In most of these children hemolytic streptococci may
be cultured from material from the nose and throat, and from pus
if there is suppuration of glands or ears. Invasion of the blood
stream, and metastatic foci sometimes occur. The type of the infec-
tioln may be described as low-grade and general. "Streptococcal
fever, childhood type" isan appropriate designation ofthis syndrome.
* This and the following three paragraphs are largely quoted from reference 2
with the permission of the American Journal of Diseases of Children.
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In the form described the disease is a glandular fever. Less fre-
quently, particularly in very young children, the course is longer
but almost asymptomatic and there is no sign of disease save that of
a persisting nasal discharge. StilJ less frequently, the course of the
disease is very mild and fever lasts a week or less.
In contrast, one observes acute tonsillitis in the older child and
adult-usually a streptococcal infection and almost certainly not a
first infection. When uncomplicated, it is adisease usuallycharacter-
ized by stormy onset of sore throat, often with chills and fever,
frequentlywith follicular ordiffuse exudate on the tonsils, and mod-
erate transient adenopathy. The duration is a week or less unless
structural injury prevents rapid recovery.. The most frequent com-
plications are suppurative adenitis, peritonsillar abscess, otitis media,
mastoiditis, and bacteremia, but these occur less often than similar
phenomena in infants with streptococcal fever; the disease in adults
may be described as local, indicative of the existence of resistance
and immunity. Perhaps this illness might be designated "strepto-
coccal fever, adult type," since its incidence is greatest in patients
over 10 years of age, although it also occurs in younger children.
Itissuggestedthat"streptococcal fever,childhoodtype"describes
the usual dinical pattern of first or early infection with hemolytic
streptococci. In our experience, infection with no other organism
regularly follows the course described; hemolytic streptococci either
are the only pathogens or are the predominating pathogens in cul-
tures of material from the nose and throat; if there is suppuration of
glands or ears-as occurred frequently before sulfanilamide therapy
was developed-the organisms isolated from the pus belong in an
overwhelming number of cases to Lancefield's group A, the "human
pathogenic" group of hemolytic streptococci. One must admit that
the diagnosis of streptococcal fever is made more definitely in retro-
spect than at the outset ofthe disease. Of course, first infections with
hemolytic streptococci do not always follow the clinical pattern
described. Sometimes, especially in very young infants, as already
pointed out, manifestations of disease consist merely of a mucoid
nasal discharge (from which streptococci in practically pure cultures
are grown) without other symptoms; this corresponds roughly to
the non-demonstrable type of primary tuberculosis. And, of course,
erysipelas, peritonitis, and empyema are seen in newborn infants.
Here, again, the disease in the infant is clinically different from the
form seen in the adult, owing perhaps, to some form of incomplete,
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transient inhented immunity. The reaction differs from that of
adults in that there is a less profound toxemia, a greater tendency
to spread (in the case of erysipelas), and frequent invasion of the
blood stream,especially in infants under 2 months of age (Culotta)';
the disease tends to be general in the infant and local in the older
child or adult.
Scarlet fever should be regarded, apparently, as a form of strep-
tococcal fever intermediate between the childhood and the adult
types. Cooke,4 who has long held that the reaction to scarlatinal
toxin is a unique form of bacterial allergy, suggests that the disease
may depend on a previous infection with hemolytic streptococci.
Certainly one rarely sees scarlet fever in infants, and Cooke has
shown that the Dick test generally produces no reaction in newborn
infants, even when their mothers are without natural antitoxin and
react positivelytothe Dicktest. In infants the Dick reaction usually
becomes positive some time during the second year. In keeping
with Cooke's measurement of susceptibility to toxin and of the pres-
ence of antitoxin in the serum, the maximum incidence of scarlet
fever is between the ages of 3 and 10 years; the absence of scarlet
fever in early years is explained by lack of susceptibility to the toxin
and in later years by the presence of antitoxin. From this point of
view, scarlet fever may be regarded as a syndrome produced by a
number oftoxic reactions, such as fever, headache, nausea, vomiting,
and erythema, superimposed on the basic reaction to the streptococci.
It seems that many children with mild scarlatinal manifestations
react to the streptococcal infection in a subacute fashion resembling
the childhood type ofstreptococcal fever. On the other hand, adults
and older children tend to show a more violent localizing reaction,
such as is exemplified in the adult type. Despite the striking fea-
tures of scarlet fever, streptococcal fever of the childhood type is, in
our opinion, the most typical and the most frequent hemolytic strep-
tococcal disease in children.
In Table 3 is shown the age distribution of 240 persons repre-
senting 40 families in New Haven in each of which there was at
least one case of scarlet fever (winter, 1940-41).* Of these persons,
157 had an active streptococcosis and their nose and throat cultures
were positive for hemolytic streptococci. The table shows graphi-
* Dr. Philip A. Bearg of the New Haven Department of Health collaborated in
this study.
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TABLE 3
AGE DISTRIBUTION OF CLINICAL VARIETIES OF STREPTOCOCCOSIS IN FORTY SCARLET
FEVER FAMILIES
Faidlial Membersa r
W4
0 - 2 Mos.
2-l2Uo.o 1 2 3
1- 3 Yr. 11 3 14
3 - 6Yrs. 33 6 38
8 _10 Yr.. 38 4 42
10-15Yr.. 31 8 39
15-40 Yr.. 41 42 83
4OYrs + 2 19 21
Tota1 57 1 83 240 1 18 8 73 1 3 50 3
cally the age distribution of the forms of clinical disease from which
the patients suffered. The incidence of the childhood type of strep-
tococcal fever between ages I and 6 years, of scarlet fever between
3 and 15, and ofthe adulttype ofstreptococcal fever between 10 and
40 is obvious. Also, it is noteworthy that there were few cases of
streptococcal disease in persons over 40 years of age. Because this
study stems primarily from the incidence of scarlet fever, the data
are perhaps weighted in favor of that disease; also the paucity of
children under 3 years tends to underestimate the true incidence of
the childhood type of streptococcosis at this age period.526 YALE JOURNAL OF BIOLOGY AND MEDICINE
The paradigm of tuberculosis is suggestive, also, in respect to
"carriers" of streptococci; such persons have what may be designated
"latent streptococcosis"l-they harbor streptococci in the rhino-
pharynx but evidence no illness. The situation seems somewhat
analogous to that of a patient with latent tuberculosis, in whom
tubercde bacilli are harbored but the patient is not dangerous to con-
tacts until a change in resistance leads to active disease. A typhoid
carrier is perhaps a better example, since such a person is dangerous
to others but is himself not ill. At the present time we are obliged
to speak in terms of "latent" and "active" streptococcosis and of
"sick" and "healthy" carriers of streptococci, with not too dear a
conception ofthe dinical connotations of the words. Various factors,
as in tuberculosis, may convert latent into active cases of disease.
Various factors, also, as suggested by thework of Coburn and Pauli,3
may influence the importance of carriers as regards communicability
of streptococcal disease.
Theincidence ofcarriers varies with year,season, age, domiciliary
conditions, economic status, andnon-streptococcal illnesses and strep-
tococcal disease among contacts. The data in Table 4 show the
results of a study made in the winter of 1940-41 in New Haven.
The subjects whose noses and throats were cultured for hemolytic
streptococci were 190 members of 30 families in each of which at
least one person had pertussis. The carrier ratio was 7 per cent for
Group A hemolytic streptococci; in 24 families there were no carriers
so that the ratio in the 6 remaining families was 30 per cent. None
of the 7 infants under one year of age showed streptococci in nose
and throat cultures; one of the 6 persons over 40 years of age was
TABLE 4
AGE DISTRIBUTION OF CARRIERS OF GROUP A HEMOLYTIC STREPTOCOCCI IN THIRTY
PERTUSSIS FAMILIES
Per cent of
Age Group Neg. Pos. Total Carriers
0- 2 Mos . .......................... I 0 1 0
2-12 Mos . .......................... 6 0 6 0
1- Yrs .......................... 2426 8
3- 6 Yrs ........................... 30 2 32 6
6-10 Yrs. . ......................... 34 2 36 6
10-15 Yrs ........................... 28 3 31 10
15-40 Yrs .... 48 4 52 8
40+ Yrs.S .......................... 5 I 6 1 7
Total .................................. 176 14 190 7TUBERCULOSIS AND STREPTOCOCCOSIS
a carrier. The data -suggest but do not prove that the incidence of
carriers increases with age. Thedistribution of carriers in age groups
is much like that of streptococcal illnesses in those same age groups in
Table 3, except for those over 40 years where carriers might be
high and disease incidence is low. Among 4548 children under 16
years of age admitted to the Pediatric Service of the New Haven
Hospital over a six-year penod and having nose and throat cultures,
23.5 per cent had hemolytic streptococci; of these patients, 14 per
TABLE 5
CLINICAL HISTORY OF FAMILY A. R.
Father Mother Joseph Saverino Rita Yolanza
Year 1892* 1896 1915 1918 1920 1923
I_
1915 Tuberculosis Tbc. menin-
"adult" gitis
type; Died (6
Sputum + mos.)
1922 0. T.+
1923 Sputum +
1926 Tuberculosis 0. T.+
"adult"
type
1927 Tbc. Tuberculosis
mesenteric "child."
adenitis type
(calc.) lbc. cervi-
cal adenitis
1928 Sputum + 0. T. +
1929 Sputum +
Died
1930 Tuberculosis
"adult"
type
1935 Thc. laryn-
_gitis
* Denotes year of birth.
527YALE JOURNAL OF BIOLOGY AND MEDICINE
cent had active streptococcosis* and 9.5 per cent were carrierst suffer-
ing from non-streptococcal diseases.
Just as Opie regarded the household infected with tuberculosis
as the unit for study and control so must we regard the situation
in streptococcosis. As already noted, both diseases seem much more
contagious in homes than elsewhere and both vary in clinical pattern
within the family group just as in unrelated contacts. The paral-
lelism in family studies in the two diseases is shown in Table 5,
family with tuberculosis, and Table 6, family with streptococcosis.
In family A. R. (Table 5) there are 6 members: the father, the
mother, and 4 children. Attention was first attracted to the family
in 1915 when Joseph, 6 months, then the only child, died at New
Haven Hospital of tuberculous meningitis. The father, aged 23
years, was found to have moderately advanced pulmonary tubercu-
losis and a positive sputum. He was admitted to a sanatorium but
returned to his home in 1916, where he remained until readmitted
in 1926; while at home tuberde bacilli were demonstrated from
time to time in his sputum. In 1922, Rita, aged 2 years, developed
a positive tuberculin test; later calcified mesenteric nodes were dem-
onstrated by roentgenogram. In 1926, examination indicated that
the mother, aged 30 years, had moderately advanced pulmonary
tuberculosis. She remained at home, however, until 1928. In the
meantime Yolanza, 3 years, was found to react positively to the
tuberculin test and shortly afterwards the diagnosis of childhood
type oftuberculosis with tuberculous cervical adenitis was established.
In 1928 the father returned a second time to his home after a period
of two years in a sanatorium, but his sputum again became positive
for tuberde bacilli and he was readmitted in 1929 to the sanatorium
where he died. In 1928 Saverino, 10 years, was found to have a
positive tuberculin test, and in 1930 he developed adult type of
tuberculosis, complicated in 1935 by tuberculous laryngitis.
In this study are demonstrated the contagiousness of tuberculosis
in the home and, since there are several contacts of different ages, the
various clinical patterns of disease.
In family F. C. (Table 6) there are seven members: the father,
the mother, and 5 children aged 11, 9, 8, 5, and 2 years, respectively.
On January 17, James became feverish and complained of a sore
throat. Four days later he developed erysipelas and was admitted
to the hospital. On that day, January 21, Frank became ill with
a sore throat, swollen cervical glands, and a paronychia. Shortly
* The organisms almost invariably belonged in Group A.
t Not all of the organisms were grouped serologically.
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TABLE 6
CLINICAL HISTORY OF FAMILY F. C.
Faily 1. 0.
Father Mothr _ e James Joseph Fras J
1941 34 yrs. 33 yrs 11 yr. 9 yr.. S y*. yrs yrs.
19 I*I
29
4
T gore throat
eD"
I Scar2stim1 resh
a yipelas
0 Cervical d*eaitle
P P.Saryohia
new Haven Romp.
amer Str@p* presezA
afterward the father was confined to bed with sore throat. Then
Jeanne came down with scarlet fever. Hemolytic streptococci,
Group A, were obtained in cultures of material from the four sick
members and from Joseph who was a temporary carrier. The
mother and Marie remained well and cultures of material from their
throats did not yield streptococci.
This family study was chosen to illustrate the contagiousness of
streptococci in a home and the varied nature of the clinical patterns
of reaction in a family of seven. The occurrence of scarlet fever in
a two-year-old child is unusual (the case is one of three indicated in
the I to 3 year group in Table 3). The occurrence of erysipelas in
an eight-year-old child with precedingstreptococcal fever, ofglandu-
lar reaction in a five-year-old child, and of acute tonsillitis in the
father are typical clinical reactions at the various age levels. The
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febrile courses of the disease were altered by the administration of
sulfonamides.
It would appear that further elucidation of the natural history
of streptococcosis will come from use of a serological test, such as the
antifibrinolysin andantistreptolysintests,in conjunctionwith cultures.
These methods may be developed into a screening procedure com-
parable in greater or less degree to that made possible in studies of
tuberculosis by the tuberculin test and the roentgenogram.
A discussion of the comparative aspects of immunity, resistance,
and allergy as they pertain to tuberculosis and streptococcosis is not
included in the simple descriptive purpose of this study.
Summary
The clinical patterns of the disease caused by strains of the
tuberde bacillus vary according to the age of the patient. This fact
is well established in nosography.
This paper is offered as a contribution toward the establishment
of morbid categories of disease caused by strains of hemolytic strep-
tococci pathogenic for man according to age periods. Suggested
similarities between these categories and those characteristic of the
natural history of tuberculosis are pointed out.
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